Aging takes place in a social context but older adults also spend a significant amount of their time alone. Solitude (the objective state of being alone and without social interaction) has been associated with negative experiences but also with specific benefits. We examine the importance of social relationships for time-varying associations between affective experiences and solitude. Using repeated daily life assessments from an adult life span sample (Study 1, N ϭ 183, age: 20 -81 years) and an older adult sample (Study 2, N ϭ 97, age: 50 -85 years), we examined the moderating role of social relationship quality on within-person solitude-affect associations. Data were analyzed using multilevel models controlling for gender, age, overall amount of time in solitude, retirement status, marital status, education, and current work activity. Higher relationship quality was associated with higher average affective well-being. Compared to being with others, participants reported lower levels of high-arousal positive affect (PA) during solitude in both studies. In Study 1, solitude was also associated with higher levels of low-arousal negative affect (NA) and higher levels of low-arousal PA compared to when with others. Across both studies, individuals with higher quality relationships reported lesser increases in low-arousal NA when in solitude, as compared to individuals with lower quality relationships. Findings highlight that solitude is experienced less negatively for individuals embedded in a context of higher quality social relationships. Thus, preservation and promotion of social resources in older adulthood may be important to ward off potential negative ramifications of spending a significant amount of time alone.
physical and mental health and longevity across the adult life span and into old age (Cohen & Janicki-Deverts, 2009; Holt-Lunstad, Smith, Layton, & Brayne, 2010; Seeman, 1996; Umberson & Montez, 2010) . High quality relationships foster subjective wellbeing by increasing positive affect (PA) and decreasing negative affect (NA; Ramsey & Gentzler, 2015; Siedlecki, Salthouse, Oishi, & Jeswani, 2014) . As individuals grow older, they tend to place greater priority on meaningful social relationships with family and friends, and to report their social relationships to be more positive (Fingerman & Charles, 2010) . Indeed, compared with younger adults, older adults seem to reap greater affective benefits from meaningful social interactions (Charles & Piazza, 2007; Fingerman, Hay, & Birditt, 2004) . Hence, social relationships play a fundamental role in shaping our health and well-being, and particularly in old age. We therefore expected higher social relationship quality to be linked with higher person-average levels of PA and lower person-average levels of NA in daily life, for individuals across the adult life span and for older adults specifically.
Solitude and Affective Well-Being
Although social relationships are key to well-being, individuals also spend a lot of time in the absence of the physical presence of others, especially in old age (Larson, 1990) . Previous research has shown that students spend about 26% of their time alone, middleaged adults 37% to 39% of their time, retired older adults 48% of their time, and the oldest-old 71% of their time (Burger, 1995; Chui, Hoppmann, Gerstorf, Walker, & Luszcz, 2014; Larson et al., 1985; Papp, Pendry, Simon, & Adam, 2013) . Older adults hence spend a significant amount of time alone, which may make them more prone to negative affective experiences such as loneliness (Dahlberg & McKee, 2014 ). Yet, there are indications that solitude may have less negative affective well-being implications for older adults than for younger adults (Chui et al., 2014; Pauly et al., 2017) . Therefore, it is crucial that we identify resources that moderate affective experiences during solitude across the adult life span and particularly in old age.
In line with Burger's (1995) theoretical work, we define solitude as the objective state of being alone and not engaged in social interaction (e.g., talking to someone on the phone) at a particular moment. Solitude, defined as an objective state, is not necessarily experienced negatively (Larson & Lee, 1996; . In fact, we and others have shown that solitude can go along with both positive and negative affective experiences (Larson et al., 1982; Long, Seburn, Averill, & More, 2003; Pauly et al., 2017) . Thus, it is important to conceptually distinguish solitude from social isolation and loneliness, which both have clear negative connotations. Social isolation is defined as an objective scarcity of social contact and social relationships (Cornwell & Waite, 2009) . Loneliness reflects the subjective perception of having insufficient social contact (Perlman & Peplau, 1981) . Social isolation and loneliness have been associated with a range of negative physical and mental health outcomes, including increased risk of mortality, cardiovascular disease, depression, and cognitive decline (Cacioppo & Cacioppo, 2014; Cornwell & Waite, 2009) .
In line with the notion that solitude may be a double-edged sword, previous research using retrospective self-reports has shown that individuals have no trouble recalling both situations when solitude was accompanied by negative states, such as being depressed, anxious, or lonely, and situations when solitude was accompanied by positive states, such as being focused and less self-conscious . Consistent with these reports, time-sampling research has linked solitude with increased feelings of loneliness, lower PA, and higher NA, compared to time with others (Larson & Csikszentmihalyi, 1978; Larson et al., 1982 Larson et al., , 1985 Matias, Nicolson, & Freire, 2011) . For example, in a daily diary study, 92 retired adults reported feeling less happy/more sad, less cheerful/more irritable, less friendly/more angry, less sociable/ more lonely, and less excited/more bored when alone compared to when with others (Larson et al., 1985) . Of note, these findings are based on bipolar affect scales. Consequently, they cannot speak to any valence-or arousal-specific relationships.
The circumplex model (Russell, 1980 ) offers a more nuanced approach to measuring affective states by classifying them within a two-dimensional space comprising a valence dimension (positive vs. negative) and an arousal dimension (activation vs. deactivation). Recent solitude research with university samples suggests that both valence and arousal need to be considered when examining solitude-affect associations because solitude is linked with low-arousal affect specifically (Nguyen, Ryan, & Deci, 2018) . Similarly, Matias, Nicolson, and Freire (2011) showed solitude to be associated with increases in low-arousal NA states (such as sad, bored, lonely) and to not be associated with high-arousal NA states (such as anxiety) in female college students. Finally, recent work suggests that solitude may be linked to increased levels of lowarousal positive states such as relaxation and calmness Nguyen et al., 2018) . Given this previous evidence, we expected moments of solitude, compared to moments spent with others, to be associated with lower levels of high-arousal PA, higher levels of low-arousal PA, and higher levels of low-arousal NA, and to show no association with high-arousal NA. Due to solitude's potential negative affective correlates, it is important to investigate moderators of the affective experience of solitude. What do we know about factors that shape affective well-being when in solitude?
Social Relationship Quality as a Moderator of Affective Well-Being in Solitude
Past research has linked several individual difference factors to more positive solitude experiences, such as lower neuroticism, higher extraversion, higher social self-efficacy, and higher desire for solitude (Lay, Pauly, Graf, Biesanz, & Hoppmann, in press; . In this study, we aimed to examine the importance of social relationships for the experience of solitude. Several authors have emphasized how one's social relationships might be relevant for experiences of time alone (Koch, 1994; Winnicott, 1958) . For example, Winnicott (1958) posited that the capacity to be alone can only develop if a person has an internal representation of supportive relationships. Winnicott (1958) proposed that, when growing up, children need to internalize the presence of a reliable and comforting attachment figure (i.e., parent), which enables them to enjoy autonomous activities even if that figure is not physically present. In a similar line of thought, Koch (1994) proposed that solitude devolves into loneliness if it is not experienced against a backdrop of positive social relations. This literature suggests that individuals may need to have a general sense of connectedness to be protected from This document is copyrighted by the American Psychological Association or one of its allied publishers.
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increased NA (e.g., feeling lonely) when alone. Support for this notion also comes from the childhood and adult attachment literatures, which conceptualize relational figures as a secure base that individuals can return to for help and comfort when needed, and that helps build a sense of closeness to others (Bowlby, 1988; Feeney, 2004) . This secure base may also fulfill a need for affiliation and thus protect an individual from feelings of loneliness (Mikulincer & Shaver, 2014) . Considering this literature, we expected that individuals with higher quality social relationships would experience solitude less negatively than individuals with lower quality relationships. Solitude has consistently been linked with higher levels of low-arousal NA states such as feeling sad and lonely, whereas results in regards to high-arousal NA are mixed (Matias et al., 2011; Nguyen et al., 2018) . Furthermore, previous literature seems to draw special attention to the potential of social relationships to buffer against low-arousal negative affective states (Koch, 1994) . We thus hypothesized that social relationship quality would specifically moderate the relationship between solitude and low-arousal NA.
The Current Project
The current project aims to investigate whether a person's social relationship quality moderates affective correlates of momentary solitude (the objective state of being alone and without social interaction at a given moment). We make use of two independently collected data sets, thereby replicating our analyses across different samples and measures. In both studies, participants selfreported their affective states and momentary social situation multiple times a day. Analyses controlled for the influence of key covariates known to be associated with affective and solitude experiences (gender, age, overall amount of time spent in solitude, retirement status, marital status, education, and current work activity; Carstensen, Pasupathi, Mayr, & Nesselroade, 2000; Cramer & Lake, 1998; Larson, 1990; Pauly et al., 2017; Pinquart & Sörensen, 2000; Queen, Stawski, Ryan, & Smith, 2014) . Based on the literature summarized in the previous sections, we hypothesized that having higher quality relationships would be associated with higher person-average levels of high-and low-arousal PA and lower person-average levels of high-and low-arousal NA. Furthermore, we expected that being in solitude would be associated with lower levels of high-arousal PA, higher levels of low-arousal PA, and higher levels of low-arousal NA, whereas being in solitude would show no association with high-arousal NA. Finally, we hypothesized that social relationship quality would buffer the association between solitude and low-arousal NA, such that individuals with higher quality social relationships would report lesser increases in low-arousal NA when in solitude compared to when with others.
Method
Methodological information relevant to the current project is provided below; more elaborate descriptions of the two studies used for this article are published elsewhere (Lay, Pauly, Graf, Mahmood, & Hoppmann, 2018; Scott, Sliwinski, & BlanchardFields, 2013) .
Participants
Study 1 used data from 183 young, middle-aged, and older adults who were recruited for a study on everyday problem solving and emotion regulation in the Atlanta, GA metropolitan area (M age ϭ 48.9 years, SD ϭ 19.1, age range: 20.0 -80.9 years). Fifty-one percent were female and 87% had at least some college education. Most participants were Caucasian (75%) or African American (19%). Study 2 recruited a sample of 97 older adults aged 50 -85 years (M age ϭ 66.9 years, SD ϭ 8.4) from the Vancouver, BC, Canada metropolitan area as part of a project on social engagement and well-being. The Study 2 sample was 64% female, mainly East Asian (56%) or European (36%), and 66% percent had at least some postsecondary education. In both studies, participants were recruited through databases, advertisements, and participant referrals. Forty participants in Study 1 and six participants in Study 2 dropped out due to time limitations or technical difficulties. In Study 1, 23 participants were discontinued or their data were excluded due to incomplete data, unusual events, or psychological disorders; three Study 2 participants were excluded due to missing data on a central study variable. Study 1 participants were compensated with USD 100, and compensation for Study 2 participants consisted of up to CAD 100 or a tablet. Informed consent was obtained from all participants, and the studies were approved by the respective universities' research ethics boards.
Procedure
Participants completed questionnaires on demographics and social and personality variables (in a mailout package in Study 1; in an in-lab session in Study 2). Then, subjects participated in an in-lab training session, in which they learned how to use an electronic device to complete daily questionnaires. The day after the training session, participants started a 10-day time-sampling phase during which they answered questions regarding their current affect and social context on their electronic device either five times per day (Study 1; at around 9:00 a.m., 12:00 p.m., 3:00 p.m., 6:00 p.m., and 9:00 p.m.) or three times per day (Study 2; at self-selected times in the morning, afternoon, and evening). After the time-sampling phase, participants came back to the lab to hand back their electronic devices and to provide study feedback. Participants reported that their devices were easy to use (Study 1: M ϭ 4.7, SD ϭ 0.5; Study 2: M ϭ 3.5, SD ϭ 1.2 on a 5-point scale) and that they considered their time in the study to be typical of their everyday lives (Study 1: M ϭ 4.2, SD ϭ 1.0; Study 2: M ϭ 4.1, SD ϭ 0.9 on a 5-point scale). Compliance with the daily questionnaire protocol was high; participants answered, on average, 46.9 out of 50 (SD ϭ 3.3; Study 1) and 26.3 out of 30 (SD ϭ 5.8; Study 2) assessments scheduled over the 10-day study period.
Measures
Momentary solitude. In Study 1, participants indicated their current social context by answering the question "Who are you with?" Options to choose from were: (a) alone, (b) boss/teacher, (c) acquaintance, (d) service provider, (e) spouse/partner, (f) other family member, (g) friend, (h) colleague/co-worker. Responses were aggregated into two categories (0 ϭ not alone, 1 ϭ alone). This document is copyrighted by the American Psychological Association or one of its allied publishers.
Participants in Study 2 answered the question "What was your situation when you were reminded to do this questionnaire?" by selecting (a) interacting with someone, (b) others nearby but not interacting, or (c) alone (no one nearby). Selecting option (c) was coded as being in solitude. As solitude was operationally defined as being alone and the absence of social interaction, we took further measures to ensure that instances in which participants were alone but engaged in social interaction, for example by talking to someone on the phone, were not counted as solitude. In Study 1, participants were instructed to not select the alone option if they were communicating with someone electronically. In Study 2, participants reported whether they had been engaged in a social activity at the time of the questionnaire prompt (i.e., if they were engaged in social interaction with another person physically present or via electronic media). Instances in which participants indicated being physically alone but also engaged in a social activity were removed from the pool of solitude instances (n ϭ 84, 7%). Each participant's overall solitude was estimated as the percentage of their assessments over the 10-day time-sampling phase that were coded as solitude. Participants spent, on average, 46% (Study 1; SD ϭ 24%, range: 2%-98%) and 42% (Study 2; SD ϭ 27%, range: 0%-93%) of their time in solitude. Momentary positive and negative affect. Participants also reported their current affect. Items were drawn from previous research and were selected to cover both high-and low-arousal positive and negative affective states (Magai, Consedine, Krivoshekova, Kudadjie-Gyamfi, & McPherson, 2006; Tsai, Knutson, & Fung, 2006) . In Study 1, current affect was reported on a 5-point scale. Participants indicated to what extent they currently felt happy, excited, and alert (high-arousal PA; M ϭ 3.53, SD ϭ 0.51), calm and quiet (low-arousal PA; M ϭ 3.52, SD ϭ 0.56), nervous and irritated (high-arousal NA; M ϭ 1.59, SD ϭ 0.52), and sad and sleepy (low-arousal NA; M ϭ 1.71, SD ϭ 0.50). In Study 2, affect was reported on a scale from 0 -100. High-arousal PA was assessed using happy and excited (M ϭ 54.86, SD ϭ 13.80), lowarousal PA using calm and satisfied (M ϭ 67.27, SD ϭ 16.18), high-arousal NA using anxious and irritated (M ϭ 23.27, SD ϭ 15.65), and low-arousal NA using tired, sad, and lonely (M ϭ 26.68, SD ϭ 20.03).
We computed longitudinal reliability estimates for these affect indices based on generalizability theory, using an approach developed by Cranford et al. (2006) . Reliability for detecting average differences between individuals was high for all scales (R KF ; high-arousal PA: .98 for Study 1 and .97 for Study 2; low-arousal PA: .98 for Study 1 and .93 for Study 2; high-arousal NA: .98 for Study 1 and .88 for Study 2; low-arousal NA: .97 for Study 1 and .95 for Study 2). Reliability for detecting within-person change from observation-to-observation was low to moderate (R C ; higharousal PA: .58 for Study 1 and .54 for Study 2; low-arousal PA: .46 for Study 1 and .63 for Study 2; high-arousal NA: .46 for Study 1 and .50 for Study 2; low-arousal NA: .18 for Study 1 and .39 for Study 2). The less-than-optimal within-person change reliability was expected because of the heterogeneous sets of affect items, which were purposely selected to represent each quadrant of the affective circumplex (Tsai et al., 2006) , and because of the small number of items used for each affect index (Cranford et al., 2006) . In the context of a time-sampling design that aims to examine fluctuations within individuals across measurement points and thus requires dense sampling plans, it is important to minimize participant burden by limiting the number of items per questionnaire. Furthermore, in contrast to trait differences in affect, daily fluctuations in affective experiences are multiply determined by situational influences (e.g., missing a train, having an argument) and by person-situation interactions that may elicit very specific affective responses, causing high within-person variation (Brose, Voelkle, Lövdén, Lindenberger, & Schmiedek, 2015) . As a direct consequence, reliability indices of measurement-to-measurement change in affective states are commonly of lower magnitude than internal consistency coefficients from between-person approaches (Chui et al., 2014; Shrout & Lane, 2012) . Z-standardized affect scores were used for analyses to facilitate comparison of coefficients across studies.
Social relationship quality. The quality of participants' social relationships was measured using the three-item version 1 of the positive relations with others subscale of Ryff's Scales of Psychological Well-Being (Ryff, 1989; Ryff & Keyes, 1995) . To maintain a uniform response format across all study questionnaires and to avoid participant confusion, the recommended 6-point scale was changed to a 5-point format (1 ϭ strongly disagree to 5 ϭ strongly agree). Higher scores reflect more positive relations with others (i.e., having relationships characterized by trust and closeness and being able to warmly relate to others). The average score across items was 4.07 (SD ϭ 0.81, ␣ ϭ .65) in Study 1 and 3.65 (SD ϭ 0.68, ␣ ϭ .58) in Study 2.
Control variables. Gender, retirement status, marital status, and education were dummy coded (0 ϭ male, 1 ϭ female; 0 ϭ not retired, 1 ϭ retired; 0 ϭ not married, 1 ϭ married; 0 ϭ no college education, 1 ϭ at least some college education) and entered as covariates in all models. All models also controlled for age and overall solitude (overall amount of time spent in solitude). In both studies, participants also reported what they were doing at each momentary assessment by selecting their current activity from a list of activity types. Current activity was coded as 0 ϭ not working/volunteering/at school, 1 ϭ currently working/volunteering/at school and added as a covariate.
2 Statistical analyses. Hierarchical linear models (R lme4 package; Bates, Mächler, Bolker, & Walker, 2015) were used to analyze data from two different participant samples to test the moderating effects of social relationship quality on affective correlates of solitude. A coordinated analysis approach was employed to replicate findings via parallel analysis of two independent studies (Hofer & Piccinin, 2009 ). Our models account for our data's 1 Study 1 included a seven-item version of the Positive Relations With Others scale (␣ ϭ .80); scores calculated using the seven-item and threeitem version were correlated at r ϭ .89. We used only the three overlapping items ("Maintaining close relationships has been difficult and frustrating for me", "People would describe me as a giving person, willing to share my time with others", "I have not experienced many warm and trusting relationships with others"; Ryff, 1989) . We did this for consistency across studies, as Study 1 findings do not differ when the full scale is used. 2 We performed additional analyses to investigate whether current work activity and education moderated affective experiences during solitude. Results tables can be found in the online supplemental material. In Study 1, currently being at work was associated with a lesser increase in low-arousal PA and a greater increase in high-arousal NA when in solitude, compared to when with others. Current work activity did not moderate solitude-affect relationships in Study 2. There were no significant interactions between education and solitude on affective states in Study 1 or Study 2. This document is copyrighted by the American Psychological Association or one of its allied publishers.
hierarchical structure, in which measurement points are nested within study days nested within persons. These models further allow us to investigate between-person differences in intraindividual covariation, i.e., whether the within-person relationship between solitude and concurrent low-arousal NA varies between individuals with higher relationship quality and those with lower relationship quality. In a first set of models without relationship quality interactions (Models A), momentary affect measures were estimated as a function of momentary solitude and current work activity on the measurement occasion level. Gender, age, overall solitude, retirement status, marital status, education, and social relationship quality were included on the person level. Then, cross-level interactions between momentary solitude and social relationship quality were introduced to test whether solitude-affect associations were moderated by this social resource indicator (Models B). In all models, relationship quality, age, and overall solitude were centered at the sample mean. Dummy-coded variables (gender, retirement status, marital status, education, current work activity) were left uncentered and momentary solitude was treated as a categorical variable. Models included a random intercept at the day level and at the person level.
Results Table 1 and Table 2 present means, standard deviations, and intercorrelations of central study variables and control variables for both studies. In the adult life span sample and in the older adult sample, older age was associated with more time spent in solitude (Study 1: r ϭ .19, p ϭ .012; Study 2: r ϭ .20, p ϭ .046). In Study 1, older age was also associated with higher person-average levels of low-and high-arousal PA (r ϭ .17, p ϭ .022; r ϭ .32, p Ͻ .001) and lower person-average levels of high-and low-arousal NA (r ϭ Ϫ.25, p ϭ .001; r ϭ Ϫ.38, p Ͻ .001). In Study 2, older age was associated only with lower levels of high-and low-arousal NA (r ϭ Ϫ.22, p ϭ .032; r ϭ Ϫ.30, p ϭ .002). Higher overall solitude was associated with lower person-average levels of high-arousal PA in Study 1, r ϭ Ϫ.16, p ϭ .034, whereas Study 2 did not reveal any significant overall solitude-affect associations.
Social Relationships and Affective Well-Being
We expected that higher relationship quality would be linked to higher person-average levels of high-and low-arousal PA and lower person-average levels of high-and low-arousal NA. Multilevel model results for these affective states can be found in Table  3 
Solitude and Affective Well-Being
We next examined time-varying solitude-affect associations. We hypothesized that solitude would be associated with lower levels of high-arousal PA, higher levels of low-arousal PA, and higher levels of low-arousal NA, and we expected no association with high-arousal NA. Consistently across studies, participants reported less favorable affect during solitude (see Models A in Table 3 ). In accordance with our hypothesis, Study 1 participants reported lower levels of high-arousal PA (b ϭ Ϫ0.23, p Ͻ .001), higher levels of low-arousal NA (b ϭ 0.13, p ϭ .001), and higher levels of low-arousal PA (b ϭ 0.49, p Ͻ .001) when they were in solitude compared to when with others. The older adults in Study 2 reported lower levels of high-arousal PA when in solitude compared to when with others (b ϭ Ϫ0.11, p ϭ .004). Contrary to Note. PA ϭ positive affect; NA ϭ negative affect; Gender was coded 0 ϭ men, 1 ϭ women; Retirement status was coded 0 ϭ not retired, 1 ϭ retired; Marital status was coded 0 ϭ not married, 1 ϭ married; Education was coded 0 ϭ no college, 1 ϭ at least some college; Current work activity was coded 0 ϭ activities other than work, 1 ϭ work. Social relationship quality and affect measures were scored on a scale of 1 to 5. Momentary affect and current work activity measures were averaged (person-level means). Overall solitude is the proportion of assessments when a person was in solitude over the study period. ‫ء‬ p Ͻ .05. ‫ءء‬ p Ͻ .01. This document is copyrighted by the American Psychological Association or one of its allied publishers.
predictions, low-arousal PA and low-arousal NA did not differ by social context in Study 2. High-arousal NA was neither associated with momentary solitude in Study 1 nor in Study 2, as expected.
Social Relationship Quality as a Moderator of Affective Well-Being in Solitude
Our main interest was in the potential moderating role of social relationship quality on momentary solitude-affect associations. As predicted, in both Study 1 and Study 2, relationship quality moderated the association between solitude and low-arousal NA in such a way that individuals with higher-quality relationships reported lesser increases in low-arousal NA when in solitude compared to when with others (Models B, Table 3 ; Study 1: b ϭ Ϫ0.05, p ϭ .043; Study 2: b ϭ Ϫ0.10, p ϭ .026). Simple slopes of the interactions are depicted in Figure 1 . Multilevel models decreased unexplained variance in momentary affect by 6% to 9% (Study 1) and by 10% to 17% (Study 2), compared with empty multilevel models without predictors (Snijders & Bosker, 1994) . We further explored whether the moderating effect of social relationship quality on solitude-affect associations would differ by age. We did not find any such age interactions in either Study 1 or Study 2.
Discussion
This study aimed to examine how social relationships shape time-varying associations between solitude (defined as the objective state of being alone and not engaged in social interaction) and affect in an adult life span sample and an older adult sample. As expected, having higher quality relationships was associated with more favorable affective well-being at the individual level in both studies. Furthermore, momentary solitude was linked with both unfavorable affective correlates (lower levels of high-arousal PA, higher levels of low-arousal NA) and favorable affective correlates (higher levels of low-arousal PA). Consistent with our predictions, higher relationship quality buffered against increased low-arousal NA in solitude in both studies. In the following, we integrate our findings with the social relationships and aging literatures.
Social Relationships and Affective Well-Being
In accordance with previous research (Gallagher & VellaBrodrick, 2008; Siedlecki et al., 2014) , individuals embedded in a context of high quality relationships reported higher PA and lower NA at the individual level in both studies. This social relationship quality-affect link was more pronounced in the older adult sample compared with the life span sample. Higher relationship quality was associated with higher person-average levels of high-arousal PA, and lower person-average levels of high-arousal NA in both studies. Furthermore, in the older adult sample (Study 2), those who reported higher social relationship quality also showed higher person-average levels of low-arousal PA and lower person-average levels of low-arousal NA than those who reported lower social relationship quality. This is in accordance with evidence suggesting that social relationships are especially important for well-being in old age (Carstensen, Fung, & Charles, 2003; Pinquart & Sö-rensen, 2000) .
Solitude and Affective Well-Being
Solitude was associated with less favorable momentary affect than being around others in both studies, in line with the basic assumption of humans being social animals, and the welldocumented negative effects of a perceived lack of social interaction (Cacioppo & Cacioppo, 2014) . As hypothesized and as reported previously using the same datasets (Lay et al., 2018; Pauly et al., 2017) , participants reported lower levels of high-arousal PA when in solitude than when with others. This association dovetails with findings from other studies linking solitude to a drop in high-arousal PA states such as feeling happy, joyful, cheerful, or enthusiastic (Brown, 1992; Larson et al., 1985; Nguyen et al., 2018) . Compared with social interaction, solitude is less likely to provide stimuli that elicit high-arousal affective states (Zelenski, Note. PA ϭ positive affect; NA ϭ negative affect; Gender was coded 0 ϭ men, 1 ϭ women; Retirement status was coded 0 ϭ not retired, 1 ϭ retired; Marital status was coded 0 ϭ not married, 1 ϭ married; Education was coded 0 ϭ no college, 1 ϭ at least some college; Current work activity was coded 0 ϭ activities other than work, 1 ϭ work. Social relationship quality scored on a scale of 1 to 5; affect measures scored out of 100. Momentary affect and current work activity measures were averaged (person-level means). Overall solitude is the proportion of assessments when a person was in solitude over the study period.
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Sobocko, & Whelan, 2014), which may explain why our finding is specific to high-arousal PA. In line with expectations, high-arousal NA did not differ by social context in either Study 1 or Study 2. This contrasts with findings from Nguyen, Ryan, and Deci (2018) , who linked solitude to a decrease in high-arousal NA among undergraduate students using an experimental design. Future studies could experimentally manipulate solitude versus social interaction using a life span sample, to determine whether these divergent findings may be attributed to age differences in the link between solitude and high-arousal NA or to differences in study design (experimental vs. time-sampling). Contrary to expectations, solitude was only linked with higher levels of low-arousal NA in Study 1, and not in Study 2. Controlling for overall amount of time spent in solitude, the older adult sample (Study 2) did not report differing levels of low-arousal NA when in solitude compared to when with others. This is in line with previous research reporting that older adults experience solitude more positively than middle-aged and younger adults (Larson, 1990; Pauly et al., 2017) . Larson (1990) proposed that for older adults, solitude may be less likely to be accompanied by feelings of loneliness than for younger adults. This idea is in line with findings from a previous study using the Study 1 dataset (Pauly et al., 2017) . Specifically, we showed that older age was associated with lesser decreases in high-arousal PA and lesser increases in low-arousal NA during momentary solitude. Findings are also in line with a study by Chui, Hoppmann, Gerstorf, Walker, and Luszcz (2014) , which found that solitude was not associated with NA in the oldest-old.
In fact, previous literature has suggested that solitude may not always be experienced negatively and that, on the contrary, being in an environment free from social restrictions and demands could offer inherent advantages (Altman, 1975; . Note. SE ϭ standard error; PA ϭ positive affect; NA ϭ negative affect; ICC ϭ intraclass correlation. Momentary solitude was coded 0 ϭ currently not alone and/or engaged in social interaction, 1 ϭ currently alone and not engaged in social interaction. Gender was coded 0 ϭ men, 1 ϭ women. Retirement status was coded 0 ϭ not retired, 1 ϭ retired. Marital status was coded 0 ϭ not married, 1 ϭ married. Education was coded 0 ϭ no college, 1 ϭ at least some college. Current activity was coded 0 ϭ activities other than work, 1 ϭ work. Social relationship quality scored on a scale of 1 to 5. Affect measures were z-standardized. Overall solitude is the proportion of assessments when a person was in solitude over the study period. Social relationship quality, age, and overall solitude were centered at the sample mean. Dummy-coded variables (gender, retirement status, marital status, education, current work activity) were left uncentered. Momentary solitude was treated as a categorical variable. The ICC reflects the proportion of variance on the person level; the full set of variance components can be found in the online supplemental material. Bold values indicate statistically significant regression coefficients (p Ͻ .05).
For example, spending time alone may promote concentration, creativity, emotional renewal, self-reflection, and insight (Larson et al., 1982; . Yet, there is a scarcity of research investigating these potential benefits of solitude . This study links solitude to higher levels of low-arousal PA in an adult life span sample, consistent with previous research that linked solitude with higher levels of low-arousal affective states such as feeling relaxed, content, peaceful, and calm (Nguyen et al., 2018) . Findings underscore the idea that not all solitude is negative. Notably, the association between solitude and low-arousal PA was not replicated in the older adult sample (Study 2). Younger and middle-aged adults, who spend less time in solitude overall and whose days are more likely to be structured by activities like studying and working, may be more inclined to actively seek out solitude for relaxation purposes than older adults. We included a covariate in our analyses that indicated whether participants were currently working/volunteering/ studying, and follow-up analyses showed that solitude may be associated with less favorable affective experiences in a work as compared to a nonwork context. More research is needed to investigate whether motivations to seek out solitude, and the ability to reap positive affective benefits from solitude, differ by current activity and age (Lay et al., 2018) .
Social Relationship Quality as a Moderator of Affective Well-Being in Solitude
Lack of social contact is detrimental to well-being (Cornwell & Waite, 2009 ). However, this study indicates that momentary solitude may be experienced more favorably against a background of positive social relationships. Social relationships moderated affective correlates of solitude in both studies. Specifically, we found that, in an adult life span sample (Study 1), individuals with higher-quality relationships showed a less pronounced increase in low-arousal NA when they were in solitude compared to when with others. Notably, older adults with higher-quality relationships (Study 2) did not show any differences in NA when they were in solitude compared to when with others, whereas older adults with lower social relationship quality reported higher levels of low-arousal NA in solitude. This finding is consistent with previous research linking secure attachment to more positive solitude experiences . Being embedded in a positive and close social network may fulfill our need for affiliation and give us a feeling of safety, that others are available when needed, which may in turn protect against possible negative affective correlates of spending time alone (Baumeister & Leary, 1995) . To the authors' knowledge, this study provides the first empirical support for theoretical ideas on the importance of positive relations as a protective factor against NA during solitude ( Koch, 1994; Winnicott, 1958) .
It is important to note that the social relationship quality instrument used in the current study does not allow us to draw conclusions about the types of social networks that contribute to high social relationship quality. For some adults, being in a positive romantic relationship may provide this social backdrop against which solitude is experienced less negatively. For others, connections to family or friends may be more important. In comparison with younger adults, older adults rely on a greater variety of individuals for support, such as their children, friends, and other family members (Cicirelli, 2010) . For older adults, having at least one close confidante, be it a spouse or another person, has been shown to be crucial for mental well-being (Bookwala, Marshall, & Manning, 2014; Osborn et al., 2003) . Hence, for older adults, overall social relationship quality may be more important for solitude experiences than having a positive marital relationship specifically. Further research is needed to examine the relative importance of quality relationships with different social partners (such as friends, family members, romantic partners, or at least one confidante) for experiences of solitude in younger, middle-aged, and older adults. Figure 1 . Illustration of two-way interaction between solitude and social relationship quality on low-arousal negative affect in Study 1 (a) and Study 2 (b). Social relationship quality was treated as a continuous variable in all models and is depicted at high and low levels (M Ϯ 1 SD) for illustrative purposes only. b ϭ unstandardized coefficient of simple slope. SE of simple slopes are given in parentheses. Low-arousal negative affect is z-standardized. This document is copyrighted by the American Psychological Association or one of its allied publishers.
Solitude in Old Age
As shown in this and other studies, older age is associated with spending more time alone and with decreased everyday social contact (Cornwell, 2011; Larson, 1990 ). An increasing number of older adults live alone and are at risk of social isolation due to factors such as decreased physical health, disability, and death of a partner and friends (Courtin & Knapp, 2017; Victor & Bowling, 2012) . Spousal loss may be an especially critical event for emotional well-being (Bisconti, Bergeman, & Boker, 2004) . Furthermore, older adults actively prune their social networks to maintain high quality relationships with fewer, select people (Carstensen et al., 2003; Lansford, Sherman, & Antonucci, 1998) . Social isolation and increased alone time have been associated with increased loneliness, decreased life satisfaction, greater cognitive decline, and increased risk of depression in old age (Golden et al., 2009; Victor, Scambler, Bowling, & Bond, 2005; Zunzunegui, Alvarado, Del Ser, & Otero, 2003) . We also know that older adults have an increased need for time alone to engage in self-care and to rest (Horgas, Wilms, & Baltes, 1998) .
Given our aging population, it is crucial to understand how we can help older adults adapt to age-normative increases in alone time. The current study shows that promoting social resources is key. Close attachment figures can be friends or children, and they can also be health care providers like nurses and caregivers (Cicirelli, 2010) . We need to focus more generally on giving older adults (who spend a lot of time by themselves) a sense of being embedded in a close, supportive social network. Community interventions could include programs and events that create space for connecting to others and developing new friendships (e.g., Silverman, 2004) . However, age differences in social partner preferences also need to be taken into account (Carstensen et al., 2003) . With decreasing perceived time left in life, emotionally meaningful contact with friends and family takes priority over contact with novel or more distant social partners (Carstensen et al., 2003; Lang, 2001 ). Consequently, it may be more beneficial to provide older adults with means of maintaining existing close relationships. This could include offering free public transportation or providing older adults with technological expertise needed to stay in touch with geographically distant confidantes (Bookwala et al., 2014) .
Limitations and Future Directions
The current study examined concurrent associations between everyday solitude and affective states. By capturing naturally occurring solitude instances in a real-life context, we aimed to maximize ecological validity and to reduce bias associated with retrospective affect reports (e.g., Lay, Gerstorf, Scott, Pauly, & Hoppmann, 2017) . Despite these strengths, this study design also carries some inherent limitations. First, we cannot draw causal inferences from our findings. For example, low-arousal NA (e.g., sadness) might arise when our social context changes from being with others to being alone. However, an alternative explanation might be that we actively withdraw from our social surroundings when feeling sad (Repetti, Wang, & Saxbe, 2009) . Second, in an effort to reduce participant burden and to ensure feasibility in terms of length of the time-sampling questionnaires, we used a very limited number of items to assess momentary affect, resulting in restricted within-person change reliability. At the same time, however, this decision contributed to participants' high adherence to the daily questionnaire protocol (94% questionnaire completion in Study 1 and 88% in Study 2), suggesting that we were able to capture a representative sample of participants' everyday experiences. Future studies should incorporate more momentary affect items to allow researchers to identify factors in the affect circumplex and to enhance the measures' psychometric properties (Shrout & Lane, 2012) .
An additional limitation is that our measure of relationship quality included items that assess both quantity and quality of social relationships (e.g., "I have not experienced many warm and trusting relationships with others"), and that it also contained items on relational self-concept (e.g., "People would describe me as a giving person, willing to share my time with others"; Ryff & Keyes, 1995) . Future studies should use measures that separate structural and functional aspects of social support to disentangle the moderating effects of quantity versus quality of social relationships. Furthermore, the importance of quantity versus quality of positive social relations might also differ by age. We know that older adults prune their social networks and prioritize emotionally close social partners, thus, the relative importance of relationship quality over relationship quantity for experiences of solitude might be greater for older adults compared with younger adults (Carstensen et al., 2003) .
Future research could also include measures of cognition (thought patterns) during solitude, to shed light on cognitive mechanisms behind solitude-affect links (Lay et al., in press ). Finally, further research is needed to examine whether social resources may not only protect against the negative affective correlates of solitude, but also enable us to reap the benefits of alone time (Larson et al., 1985) . Provided a person has a strong social network that makes them feel connected, there may be circumstances in which time alone is experienced positively and is even preferred over social contact. We may purposefully withdraw from social interaction from time to time to recover from stressors, to be productive, or to engage in problem solving or deeper thought (Altman, 1975) .
Conclusions
Using data from two studies conducted in different geographical locations, and whose samples varied in ethnic make-up and education, we found that individuals who were embedded in a context of high quality social relationships reported lesser increases in low-arousal NA during solitude. Our findings point to the importance of one's social relationships for experiences of solitude. More importantly, this study emphasizes the potential of quality social relationships to buffer against the possible negative ramifications of spending a lot of time alone, particularly in old age.
